In the present empirical analysis, we try to assess the impact of taxation on investment growth. In particular, and by using gross fixed capital formation as a proxy for investment, we intend to evaluate the impact of the taxation structure in investment dynamics, in a short and a long-run perspectives. This empirical exercise was conducted for all OECD countries, during the 1980-2015 period. Through panel data econometric techniques, we find optimal tax-investment threshold values, especially higher for short-term than for long-term horizon. In addition, we find optimal income taxation around 9%, in percentage of GDP, an average optimal value of 12.7% for consumption taxes to promote annual investment growth.
Introduction
The act to consume is the main purpose of economics. Yet, consumption is made essentially through economic markets, which can lead to several economic disruptions, namely, the noninclusion of several externalities (positive and negative) and an inefficient income distribution of the financial resources spent.
In order to correct those disruptions, governments tend to use taxation as a key instrument. Several sources of taxation, such as on individual income and property, can lead to a reduction on income inequalities, as mentioned by Piketty (2014) . Furthermore, some studies, as Mo (2000) , Cingano (2014) and Ostry et al. (2014) , highlight the positive linkage between income inequality reduction and economic performance.
Therefore, it is important to analyse the relationship between taxation structures and both consumption and income inequalities. The study of these two aspects allows to understand if fiscal policy indeed contributes to higher consumption and to lower inequalities, in what concerns the use of tax policies.
In our panel analysis for the period between 1980 and 2015, for OECD countries, we find some non-linear relationships between several tax items and the two above-mentioned variables, while uncovering also the respective optimizing thresholds.
The paper is structured as follows: section 2 reviews the literature regarding taxation effects on both consumption and income inequality; section 3 presents the methodology employed, as well as the data; section 4 reports and discusses the results; and lastly, section 5 provides our conclusions.
Literature Review
Taxing income may obviously have important consequences on consumption, income and wealth inequalities dynamics. As Piketty and Saez (2003) highlight, the existence of progressive income and estate tax systems for the United States case have prevented a rapid recovery of the wealth inequalities after the Great Depression and WWII.
In fact, and in what concerns the taxation effects on inequality, Saez (2004) concludes that both short and long-term direct and progressive taxation is crucial for distributional purposes. However, the author highlights that indirect taxes can complement the effect of direct taxation in the short-run for the reduction of inequalities. The difference between the short and longterm arises, mainly from the assumption that individuals only adjust the labour supply in the short-term.
Moreover, Duncan and Sabirianova Peter (2016) agree with Saez (2004) . By assessing the impact of progressivity changes in income tax systems and the effect of those changes on income inequality degree, the authors found a positive relationship between the increase in tax progressivity and the decrease in income inequality. However, the authors highlight the inverse nexus between tax progressivity and efficiency cost in revenues collection.
Additionally, in accordance with previous studies, Clark and Lawson (2008) also find that a higher degree of government interventionism on the economy is counter-productive for redistribution objectives. On the other hand, Adam et al. (2015) verify that, for a 75 sample of both developed and developing countries, high-income inequality countries rely more on capital taxes and, consequently, hamper both investment and economic growth. Iosifidi and Mylonidis (2017) assess the effects of capital, labour income and consumption taxes for redistribution purposes. The authors find that increases in labour income and consumption taxes prevent the reduction of inequality. Although, and for redistributive purposes it is preferable to levy taxes on labour than on consumption.
Methodology and Data
We consider that aggregate consumption C = F (T ) and inequality Ineq = F (T ) are functions of taxation, where C represents the households' consumption, as a share of GDP, Ineq, is the degree of income inequalities, and F (T ) a function of taxation structure represented generically by the set T . Those relations are formalised, for consumption and inequalities, in equation 1:
where Y = {C i,t , Ineq i,t }, C i,t is household final consumption expenditures, in percentage of GDP, Ineq i,t the income inequalities among individuals, y i,t−1 is the one-lag real per capita GDP, τ t represents each tax item's revenue, in proportion of GDP, while x i,t is an independent variable belonging to the control variables set, ν i and η t are the country and time-specific effects, respectively, and ε i,t is the error term of the white noise-type. Additionally, we introduce a squared term for each tax component to evaluate the existence of non-linearity effects of tax structure on household's consumption and income inequalities as:
If we derive 2with respect to each tax items we obtain:
Each tax threshold is then computed by equalizing the equation (3) to zero, as shown in equation (4)
Therefore, if we obtain a significant negative estimate for β 2,i,t a concave relationship between the tax item and the dynamic of the dependent variable, meaning that a tax item can maximize household consumption or increase income inequalities. On the contrary, if we get an estimated positive coefficient for β 2,i,t we conclude for a convex relationship. Therefore, the tax item threshold value can minimize household consumption, in percentage of GDP, or guarantee a reduction in income inequalities.
The model is estimated for a period between 1980 and 2015 and for the OECD countries: Australia (AUS), Austria (AUT), Belgium (BEL), Canada (CAN), Chile (CHL), Czech Republic (CZE), Denmark (DNK), Estonia (EST), Finland (FIN), France (FRA), Germany (DEU), Greece (GRC), Hungary (HUN), Iceland (ISL), Ireland (IRL), Israel (ISR), Italy (ITA), Japan (JPN), South Korea (KOR), Latvia (LVA), Luxembourg (LUX), Mexico (MEX), the Netherlands (NLD), New Zealand (NZL), Norway (NOR), Poland (POL), Portugal (PRT), Slovak Republic (SVK), Slovenia (SVN), Spain (ESP), Sweden (SWE), Switzerland (CHE), Turkey (TUR), United Kingdom (GBR) and United States (USA).
Regarding the set of exogenous and control variables we have: GDP based on purchasingpower-parity (PPP) per capita GDP (realgdppc) in thousands, output gap in percent of potential GDP (outputgap), and government debt-to-GDP ratio, which are all sourced from World Economic Outlook (IMF). In addition, taxes on income, profits and capital gains of individuals (taxinc), taxes on income, profits and capital gains of corporates (taxfirms), social security contributions (ssc), taxes on payroll and workforce (taxpayroll ), taxes on property (taxprop), taxes on goods and services (taxvat), gross fixed capital formation (gfcf ), current account balance in GDP ratio (current), average hours worked (avg) and unemployment rates (unem) are from OECD.Stats database.
Furthermore, we also consider additional variables as the deposit interest rate (depositrate), net foreign direct investment-to-GDP ratio (foreigninvestment), the GDP percentage of household final consumption expenditure (hconsggdp) and old age dependency ratio, old (ageratioold ) data were retrieved from the World Development Indicators (WDI).
From the Government Finance Statistics, we used data on the functional classification of government spending, specifically, government expenditures on general public services (pubser ), on defense (def ), on public order & safety (pubor ), on economic affairs (eco), on environment protection (env ), on housing & community amenities (hou), on health (hea), on recreation, culture, & religion (cul ), on education (edu), and on social protection (socpro). Moreover, we construct two variables based on functional public spending: (i) the so-called productive public expenditures (proexp), resulting from the sum of public spending related with public services, defense, public order & safety, economic affairs, environment protection, housing & community amenities, health, and education, and unproductive public expenditures (unproexp), calculated through the sum of recreation, culture, & religion and social protection expenditures.
Based in Feenstra et al. (2015) data, we also use data for population in millions (pop), the real total factor productivity (rtfpna), and human capital index, based on years of schooling and returns to education (hc).Finally, we take the liquid liabilities-to-GDP ratio (llgdp) is based on International Financial Statistics (IFS), IMF, and Gini index of inequality in equivalized household disposable income (ginidisp) is based in Solt (2016) . The table 1 presents summary statistics for each variable 1 . In the empirical analysis we used panel data techniques, namely by applying OLS, OLS-Fixed Effects (FE), Generalized Method of Moments (GMM) and Robust Least Squares (RLS) approaches. The estimations are run through the white diagonal co-variance matrix assumption, except for RLS. In addition, we estimate equation 1 for the short and long run consumption and inequalities, this last by applying a 5-year average for the respective dependent variables.
Regarding the analysis, tax items threshold values will only be discussed when the tax items' coefficients have statistical significance for both linear and non-linear tax regressors, for at least a 90% confidence interval. Table 1 4 Results 4.1 Short-run impacts of taxation structure on aggregate consumption and inequality dynamics.
Regarding the short-term analysis, the results of tax items' impact on household aggregate consumption, presented in table 2, show a non-significant effect of both types of public expenditures (productive and unproductive) and investment decisions. On the other hand, while the population and public debt growth support household consumption, the current account balance, money supply and the output gap jeopardize private consumption.
With respect to the linear effects of taxation on consumption, through equations (1), (3), (5) and (7), there are little evidences for tax items effects on households' consumption decisions, with the exception for taxes on firms, payroll and workforce, and property taxation. Those tax items depict a negative correlation with household consumption.
However, considering a non-linear relationship between taxes and consumption, the results led us to conclude for the existence of a two-tax item threshold: one for taxes on payroll and workforce and another one for firm's taxation. More specifically, there is a minimizing threshold value of 1.44% for payroll taxes, and a 5.67% maximizing threshold value for taxes on firm's income with respect to household consumption. Table 2 On the other hand, and by analysing income inequality and the tax structure in the shortrun, the results presented in table 3 show a non-conclusive effect of income, payroll and property taxation vis-à-vis income inequalities. However, a raise in the ratio of tax on firms-to-GDP seems to be beneficial to reduce inequality. We can draw the same conclusions for a raise in social security contributions, while a raise in taxation of consumption of goods and services has a positive and expected signal by worsening the gap between the richest and the poorest individuals in the countries' sample.
In addition, the increase of average hours worked, unemployment rate, population and total factor productivity hampers income equality. On the other hand, a raise in human capital, public expenditures on health, environment, economic affairs, education and social protection contributes to decrease inequalities. All the other public expenditure items seem to be detrimental for a better distribution of income.
In what respects the existence of tax items thresholds, we find optimal non-linear results for all tax sources. In particular, income taxes and consumption on goods and services taxes show maximizing average values of 7.19% and 11.88% of GDP, respectively. Therefore, those values maximize the gap between different income individuals. In addition, we also uncover minimizing values for all the other tax items: an average value of 7.46% for taxes on firms, 15.51% for social security contributions, and lastly, a mean value of 1.01% and 1.56% for taxes on payroll and workforce and on property, respectively. Table 3 4.2 Long-run impacts of taxation structure on aggregate consumption and inequality dynamics.
From a long-run perspective, and regarding tax items effects on households' consumption, our results (presented in table 4) led us to conclude for a positive linear effect of raising revenues from taxes on goods and services, in percentage of GDP, while increasing revenues from taxes on firms' income and social security contributions seems to be detrimental for aggregate consumption Moreover, social contribution is the most harmful tax-item for households' consumption. In in specific, an increase of 1% of this tax-item revenue, as percentage of GDP implies a reduction of 0.3%, approximately, of household's final consumption.
Looking at the effects of the control variables on households' consumption, we conclude for a negligible influence of both types of government expenditures. In addition, productive government spending, population growth, human capital, government debt, unemployment and deposit rates boost aggregate household consumption. Moreover, we conclude for consumption reduction when the current account balance improves and when there is an increase in money supply.
Regarding the non-linear tax effects analysis on households' consumption, we only find tax items threshold values for taxes on payroll and social security contribution. While we find a minimizing value of 1.30% for payroll taxes, as a percentage of GDP, we find both maximizing and minimizing optimal values for social security contributions. Regarding this last tax item, although the results show a minimizing value of 9.50% we also achieve a maximum value of 11.80%. Therefore, we can conclude for an optimal interval of this tax to promote, or not, household consumption. Table 4 The long-run analysis of taxation structure on income inequalities shows a similar pattern as the one observed in the short-run analysis for non-linear connections between tax structures and household income gaps (see table 5 ). For income taxation and taxes on consumption of goods and services, we find average maximizing values of 6.94% and 11.83%, respectively and on average, meaning that those tax items, in GDP proportion, enhance income disparities. On the other hand, we find mean minimizing values of 7.80% for firm's taxation, 15.51% for social security contributions, and mean values of 1.00% and 1.53% for payroll and property taxes, respectively, which reduces the Gini index coefficient. In terms of the linear relationships, we do not conclude for a clear pattern for individual income taxes and payroll and workforce taxation. Furthermore, and as it is recognized by the literature, an increase in the GDP proportion of consumption taxes is associated with a higher degree of inequalities. Beyond the effect of this tax source, our results also show that higher old-age dependency ratios favour inequality growth. On the other hand, an increase in investment, through gross fixed capital formation and in human capital, a higher government spending related to social protection and education, among other factors support the political goals of reducing income inequalities. Table 5 5 Concluding Remarks
In this paper, we have studied the tax structure impacts on both household aggregate consumption and income inequalities.
Through a panel set up, we analyse both short and long-term impacts of taxation structure and the effects on consumption, and find that while there are little non-linear relationships between taxes and consumption, all the considered tax items impact on household income disparities. In particular, and regarding households' consumption, we only find a minimizing threshold value for payroll taxes, in a short and long run perspective, while we find a thresholds interval for social security contribution only for long-term. In addition, we uncover both minimizing and maximizing optimum values of each tax item that affects household consumption.
In terms of the tax items effects on the Gini index dynamics, we find minimizing effects on income disparities for firms' taxation, social security contributions and payroll and property taxes, while consumption and personal income taxes seem to increase income gaps. The possible surprising effect of income taxation as a negative factor for income disparities may have to do with the fact of an inefficient progressive tax system, taxing several individual income sources in different ways that increase income inequalities. Table 6 summarizes the several tax items thresholds that we found in our analysis. Table 6 6 Appendix Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heterokedasticity, with the exception for RLS technique. The DW-statistic is the Durbin-Watson statistic. The non-bold and bold values express, respectively, maximum and minimum optimal tax items levels. Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heterokedasticity, with the exception for RLS technique. The DW-statistic is the Durbin-Watson statistic. The non-bold and bold values express, respectively, maximum and minimum optimal tax items levels. Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heterokedasticity, with the exception for RLS technique. The DW-statistic is the Durbin-Watson statistic. The non-bold and bold values express, respectively, maximum and minimum optimal tax items levels. Notes: *, ** and *** represent statistical significance at levels of 10%, 5% and 1% respectively. The robust standard errors are in brackets. The White diagonal covariance matrix is used in order to assume residual heterokedasticity, with the exception for RLS technique. The DW-statistic is the Durbin-Watson statistic. The non-bold and bold values express, respectively, maximum and minimum optimal tax items levels. Notes: The non-bold and bold values presented in the short-run and long-run columns express, respectively, the maximum and minimum optimal tax items levels. The values expressed in italics represent average values.
